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(54) CLEANING METHOD FOR THIN FILM FORMATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cleaning 
method for thin film formation system wherein 
deterioration in a reaction chamber, tools, or the like is 
prevented and further attached matter sticking to the 
interior of the system can be removed. 
SOLUTION: Cleaning of heat treatment equipment 
involves a heating process in which the interior of a 
reaction tube is heated to 300° C; and a cleaning 
process in which silicon nitride sticking to the interior of 
the heat treatment equipment is removed. In the 
cleaning process, cleaning gas containing fluorine gas 
and chlorine gas is fed into the reaction tube heated to 
300° C, and silicon nitride is thereby removed to clean 
the interior of the heat treatment equipment 
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->^#*£^©®g£»rst:£K:<fci3 t 

[lisiaf 2 ] &j^s£^©££^K:i!iffl#**{fcte 
Mm®* &*-r s»u£j&£iiB© afc^&r Aot, 

«©l*J»<Otm £ ©31tRJ±*®T 3 if S C £ % < iWBtt 

•rs»»i8£. c£<M#8t£f ssjujBiiX 

^g©?5fc#?fa„ 

[fit*!! 3 ] «riBWJP*f^(f:. 7 ?<b4c3RsV 

^g* £ f SIIHtgi 1 * fctt 2 (cEttomGgJtitiEKCDft 

tc> 7vSR^£*63R^£?gr*tfd"J-r.>i/^* 
«*£T£ C £K,fc») , ' l^tt«tt£li*£LTi*gB&£8 
H©rtaJ*8fe^T-5?5fei*Xg£. 

H»«3B5 3 5»ll0BfiSE»B©Sjea^K:«iffl^^4«*& 

I5iasis^rt*^©jas«c»n^-rsjn]^xg£ > 
mnattiifexsK: <t «3 ^^©vas(c»n^ s fifcEJSSrt 

?ig«aai©rt»*ijt»r48fe»xs£. c£ 

[IftJJBBB ] b>)IB7 ?3R#X £1*137 ?{b*jfrtf*£ 
4. -€-©aESJt*i 1 : 3~3 : 1 ©85111*9 £ ft S cfc ^ «C 

we* y -.=.;✓ y*/******. e £*««£■*-«» 
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3 £ tcHS. 5 (CC»(^eK^li)M<D%»^. 
[f**^7 3 BUIB7 j>3g;tfX£iiufE7 y{t*M*fZ.£ 

*©a£«lt*«l : 1 £)SSJ:^«:buIB^ 
#X t £*!£&£ -r*§»#II 3 < 5$fcB 

7 » ft***/** 2 U » hJU/m i nUhMTS, C 
4 £ f Sffiftl 7 tCfB*£©»)ffl^a$|g©gfe#* 
ft. 

io t sS*^ 9 3 »)BS^«S$IS©SlSSrt cc^a 

HtriBSit;^F«3?rB»T^©jasccj]n^-r ^>»n^xfi£ . 
ffi&tmxmtcj: <) mizowuctm zntcixjzmft 

*#«£•*- ■S»JB9g«ilS©i5fe?#^. 
[fS^trp 1 0 3 BUlB? ?sg:tfX£ituiBT>*-7#x£ 
20 ^-©ifcfil:ba*2 : 1~1 0 : 1 ©SEBF*i£ft SJ: 5 
tCBufB* y-->y#XK:#$t»-.S s Ct 

imm 1 1 3 wm&m£m<Dix.s5m.fti< l c9m*fz*i& 

tcttmizfattzmmmmm<DWift?:m-c<b ~> r , 
BufBStD^^^wsatctin^-r-ssn^xfii . 
HufBfinMxfitc.fc »39f3£©ffljK{cjnJ»sn/tsi&SF«9 

30 g©I^SIJ*?5t^-rSgfc^xa£. tfili. C£*W« 
£ T « W KJ^BSIIS©jjt^jft. 
[fi!*3Bl 2 3 l?SB7 93R3S/^£fl?iB*S^£*. * 
©SiESJ:b*S5 : 1~5 : 3©ttffirt£JS4J: ^tcfflffBi' 
U-x> ; y^(c^S-B-S > C£*1f8S[£-r-5l»*3® 1 
1 Kffi*8©SWS0fiS$|g©iSfe^^r& 
[lt*^l 3 3 f)IB7 5-*^x£huIB7J<^^£^ > ^ 
©aESi:b*i5 : 3 £feSJ: 5CCf?!Bi> >J-->^^«: 
C£?r!|$i![£-rSlf^l 1 2tClB 
«5©?i)g?15sS;^g©gtjf75 : & 
40 1 4 3 BUfB^I8?f5)?5^Jg©F«3g|J©«*4«. 

jm&ntmkwptt < £ 4— 75»*fttj. c £ zmwut-f 
znmm mm.13 ©c^-rn^ 1 3i«:gB«©PMS^« 
a©st^*«. 

[M$« i 5 3 mztomxmvi*, mn&xfcmftZ4 o 
1 1 4 ©urn*^ i m&%z®.ommmfc*m.<Dm& 

[fS^«l 6 3 BUfB^Xa-Cfi, flMBKJ£Sl'i*2 5 
0*C~3 S.O-CKlM-r-S^ C£ ?r^£-r-5i»*«l 

so nmi5 (D^-rn^ 1 gKcetto)m^iieeecD8t»^r 
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7is i 6 ©i>-rna> i ^«cie4K©swgjf^^s©sfe^* 

«. . 

£ fciftSfc.fr 1 7 tc£tt©M&&j£SS©%» 

[m$g i 9 ] nEWB9#tc«Asn«iiiias/ y a 10 
OTB«E»is-ci*. flretuoatttcv y a >mtm*B 

OCT Z> C £ (c J: <? &fltiEME&BOrtffi(c#tt LfcgfbJi 

t sbwbb i TbM i 8 ©i^mfr 1 ^tci2ss©?s^fis 

*«©*»*ffi. 
[2S?S©t**Blfci8BJ] 
[0 00 1 ] 

U »L<tt v »«8{t. Mill*. 20 
[0 0 0 2 3 

[m^<Dmmi ^m^ms<on&xmvit, cvd <ch 

emical Vapor Deposition) ^©#HI«:J:»J. fefc#lSI 

■r «t 9 &mi*!hrk 5 1 zmi\ «t©<£ 5 tc ut*« 
&>??x.»icmmmm2tii>. 30 

[0 00 3] *-T> l*JW5 2 aRtWf?5 2 b#>i=>&.5> 
-«<§flJj*©J5lCc« 52*h-^53(C«fc«3 Bf«©SS 
CCiHflrt-*. ««*©¥»*■!> 5 4 *JKgPO 

tcVx-^tf- h 5 5*^15^5 2 (^5 2 a) rttca 
- FT&.-3HC. r 5 6*»6El£*5 2ft©# 

JSJSWS 2F*g*BifS©E^(CilSBET6„ 5 
J£1f5 2rt*iBlfS©E^K:-«ESn.S><!:. #*igA«5 
7#>6F*Jl?5 2 artK4fi3#**{ttS£-fS. F*3<g5 2a 

U J»SJ£fc«J:«3^(ifi*nfcSl£:4(K«J*!*aW* , fx/% 40 
5 4©^M«:iiSL-C. *aH*->*^5 4©«B«:Wai 

[0004] gfc, SK^^atcfco-c^-r-ssF^ 
mm#- v 5 6 tcsifts ft/d^mi^ 8 *» <=>^ 
a^g5 \<D<r\-mcmm.2tiz. sm«5 8tc 

IX«5l&C>T&@<bt,/c&. 8$iaiiSH5 1 *Hcg|5l-r-S 

[0005] ic^t, «Hgj^fiS;teSK:<j:or^sn so 
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4SlS4fiR«J«. 4<D3mtcl1-Ctj:< . 

^§5 2 a OrtS^iOfelf ©i»l«g 
5 l©rtgP(C^iiS C©Rj££JiK 
Wj^ffl$ia.5 lrttC^SLfct^-CWIK^^Il* 

5 4 «£«»-$-*>£> »3SSn*^MW«R 
!B©£S *) *i£T 5 i*T L $ 5 . 

[0006] c©/^. mmmfmm*m ! &®tf ~>tc 

S(6« 52*t-*53(Cj:<3 ^©SJgCC MS 
U M&SttfcStfc'tS 2F*3(Ci' y-r.>y^. {&R 

L./cJgj£«^*^* ( x ? > y ) -r ^^Mil^g 5 

[0 00 7] C©J:5^9M^ilt, 0a^.«. 
CF. . C 2 Fe . N F 3 . SF B <0£'jtj;j-i-y)\,* 
nit-g®) (Perfluorocompounds) *Sfflt,^6*l"Cl>S„ L 
R, '-i-?)\>*Ult-&®\Z> CF, ©Ifi8>ai57j*p« 

^,*«:^ai-r-SC£«. ife»ia^t©JlH£^o-rL 
c©J;^(c s ^ y-->^^{cM-7;u^-p{t 

[0 00 8] 

[^Bj*Sft¥^L.«t5£-rsaigi] iCo"C> 8&MSi£g 

5 iF"3{c«^bfcsi£;^«i^s-rs«:«. ^y-x 
tc^sj: ^(c sit.©5 2 (*3©?ag*^©aKw:»n^ 

»*tenb«:jat. scE'gs 2rt®iag*, mi*. 40 o 
•C© J: ^ ^WStcttilS bte ^ ifel^o 

[0 00 9] XsfrisUifih. Slt;1f5 2F«9©Sa<&4 0 

o *c©<fc ^ trnwAcuamt z t . sjc^®»«:»r *x 

-r^S*^, ^*^=£r«fiS-r-2>^fbS^ (S i C) left 

iTLTLS^. C©*SH. ^teIl^S5 1 F"9&C^t*U 
fcSC&£j&«3* ^5fe-T -5 £ . SIE© 5 2 

tc. 

[ooio] *|69?«, ±iapggitc^-c^3n/c:fe© 
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[0011] 

^i^s-rsif^^gogt^^f^-or, sines 

m&oumcmmtzct *y-x>^#xK: 
s. . 

[ooi2] z<DMmc£in{Z. ffifevumcmmz n 
ttfb£<£M^ft8s*#x#^£ttTi>£©-e. 7>gt 

^1 — F fc»4^©KJfca*5©»lS*<5< T£ C 

[0013] iieSWi^-r-S/cai?), C©fgBj©|f£2 

g©SI&Ml*jK:&Hi;tf;*£{&te LTffl^II&fCff Jg£J£ 
l£ Lfcf*. $|g|*jS|Hcttj» Lfctf#»*l**r4«»» 

tc J: £i!tff2^Jffi^)d5£Sg©rtSB©tm <h ©jlflttbfcfET 

3 -5 c i ft < tut zmmKM-r £ x 9 ^ > ^ U - h * 

]«<-r-2.C<!:*iaJt6ft^SD^i. t«»#<;-i>j' 
^^©rtSB^gfe^-rSgfe^Xgi. 

[0014] tLommcjztn*. jm&fticm&ztitc 
akotm i <oasyt#iiSTr * c <t ft < . ttm%nc*t* 
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[0015] MfESSflOtfXiUTtt. «0R^ 
7>^7*'X, SfclJ**^ 

[0016] ±IBBW*itldfr*fc«), C©«9i©fli3 

10 cdjn&Sftfc&tt^rtic, 3?*^4*«^iW 

[0 0 17] C©«liiS*cJ:ti«, f y-->y^tc» 
CD«»i ©B9Ut*MSTT S C «b ft < . 

u^yi/- h*«isf < ft*. c©fc«&».s*es^*&A 

20 [0018] xiage<j*jits-rs/£:&. c©^hj©^4 
©is,-*, k: »^fi5t^g©isfc^i* ti, mmmam 

j$mmc>wfr-i5WK$> r , HuiBsit:^rt*Bif^©ss 

1^* l -c»M^(R^H©rtSP*i5fe^-r * m&x 

30 [00 l 9] c©«j3cK:J:*i«. i";-i>micH: 

©rtSB© W*4 i ©jl^tbAJfiTt- -S C t ft < . ftm® (C 
*f-r*X9^>^U-h*iJS<ft5. C©/cd6. SIC^ 

[002 0] fuiB^ »*3t/Xi|WB7 yitfcmtiXi. 
-€-©riiEfiJ:b*5 1 : 3~3 : 1 ©jEHrtift^J: ^K: 

m*J*t7 9{t7}<.m*!7-ti> ^-©iJSEfiJtiW 1 : 3~ 
40 3 : lCSSBrtiftSJ^fc:^ y-r.>^^«c#*tt 

- HRD f ^JSff^Slg©rtg|J©#if4<!:©jS^l:b*SiS< ft 

So 

[0 02 1 ] «f{C. HiliB^ 9m*3*tmi7 9iVK&i1 
^4*, -e-©a5fiJ:b3&J 1 : 1 iftiJ: 5 (cute* 

tc-3i>r©ajRik!^iS<ft*. se.cc> BulfiJSfE^rt 
tc, mrie^ 73R^scfMr£7 9^b*5R^*2 y » h 

50 JU/m i nJy±«*&-r-5Ci*lJfSOl». C©JS^. ^ 
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g^gptctt* u tcttmqunciti? z> x ? > y u - h 

55t£©iI!iKJ:b#ffi< 

[0022] ±iasw^idc-r-s/c8?). c©^©^5 
mt. 3rd*.*, ci^mi-rs. 

CO 0 2 3 ] C<Dmmc£til* K ?V~-~>if*f?.t l ci l X 

[0 0 2 4] Biffs? f ^xtBufer^-r^i 
=&. ^-©{ftaJtrt^ : 1~1 0 : l©i2Hrt<!:^S«fc^ 

©H^. i£grt§IUctt3»L,fctt^lt#Tr.5x » 

[0025] iiaew^fiK-r-sfcs?), c©^©^6 

xmmzmg.w.<Dn?$*wfr-f s m&xmt . 
[o o 2 6 ] coflijjKttitiw:, ?y-x>y#;uu;t 
©*m i ©jsjRtb^tar-r sci%<, ##$3j«:;*hr * 

[0 02 7] mile? ygt#;*£mFf2;fc3g#x££. -£© 
?jfcSJ£#5 : 1~5 : 3©«5fflF*gt^eJ: ^ tcfriei' U 
--^^^(C^SlfSCiW^L-t^ C©*§£. $| 

^M^^g©rtg|5©1vt!(s4i©jSJ»?J:b*5^< 45, ^ 

7K^^x©aEa? r as5tc*ijpL-^<rfc > mmm 

[0 02 8] bmiB? ^ ^^imriBTK^Xi?:, -e© 
*>fcSJ:b#*5 : 3 £&£<£5teliijl2£> y-x>i/;tf;uc^ 
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[0029] mimmfcmsm.<Dn?&<Dttmz. m*. 
«. ^so^bii?g©^< i fc-^r*s$sti5. 
[0030] msemmumxiz. msmitmftz 400 
•cfcijffi^sajcsnf^-r-sciws u>. #tc. Bute 
fllfiSftXfl-ctt. miiesic^rt* 2 5 0 'C~ 3 8 0 -Ctcjljp 

i. SJt;^^^©^-fb*iJfllA6tl-5i<i:4>fC. 

[0 03 1 ] b5I2^IST«. mriBfJ-x>^x 
X Xftffl. L . f£#«R;* tlfc * y -x > ^tf* £ 

[0032] mizmmm&icBmztizm&i. crt*. 
20 F'Rt*. ->u=i>^bJKj!>5£>s„ c ©*§•£•> stiejjfe^x 
Bgie^a^tc^ y a ismitrnzmm? & c t 

[0 03 3] 

[^BJ©*)te©^gg] «T. ■ *83H©Wfc©J&»K:j&>j&» 

30 [ 0 0 3 4 ] M 1 GCT^-r <fc ^ CC. I^Mffl^g 1 «. 

Tl»S„ ^^25*. rt1f3i t F*3«3*S^iitlC 
rt'ff 3 «t -5£©P^Pi?r W-T * «fc ^ iclfjRKS n/cW^#© 
>«4 i*6i«3hfen«ll4»f 4. F«9g3R 

[0 03 5] ^lr4©T^{C« > «f«CCJ|5B83*ifc^^ 
>U^ii (SUS) *i6ife-5vx^-;UK5*5ffig$n 
ri^„ v^>-fv-;UK5(i, ^W4©T^<t^ffifc^ 
40 StlTl**. rt"g3(t. ?-^-JbF5©tt*> 

[0 0 3 6] -7x^-;l,K5©TSrtC«^ft7*5i2gS 
>K~hxu^-ir8(Cj:t)»*7t*JbT»?rtt«:ai 

So 

[0 0 3 7] ^«:7K:ii. ^fettS-Jx^ 

h g^isgsnrus,, -jx^d*- h 9«. 
50 ^iaio wmmjifa K.mj£<D?& m 
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[0038] &.sm 2 ©janca*. Batm 2 n mts 
j:^tcK^*i i*jrw&*i. ^(onmmi-cu. wz. 

us. 

[0 039] K 5©«ffi(Ctt, 1fi?S<Dtea* 

x»Af i 3*Jj*astn:i»s. mmizmmx 
3i*rtW3rt?rlSSt?«i: ; 5«:g2i9:snrus„ m 

1 0 ) 6C«Ai*tt£. 
[0040] Jfc. v-*-Jl/K5©ffl!lM«:«. d";- 

iisntus. i";-->y**xiAf i 4«F*m3F>g 

«Btf<fc5K:ER3ft. ^J-->m«Af 

6^ y-^>^^x*i?g'»3rtcc2»Asns„ 

[004 1 ] K 5©ffliJffiCC«gfma 1 5**19: 

wen-rus. siaipi 5»s:Nf.y>ye j:0J:#k:r 

»?>hrfc0, Klfr»2rt©F*m3 <tntf4 ±<Dfflt£B 

^^§3 i^4 icDp^o^^a-o-rgpmp 1 

5lCgfm$*l&. Sfc, v-*-;UK5im©gMnPl 

[0042] gpmn i 5 icmmm i 7 asaufcecsfts 

8£. s^^i 9i^snri^„ A^^l 8 
«. 7©WK*IWl,T. £J£?g2l*3©K2l3: 

W3E©E*«:«HIW*. Hatful 9ti, gfSVSl 7 

*/rbt:sj£ i g2rt©^4Sfm-rsiitic. 

2F«3©E^J ; &iSM-rS„ 

[0 043] 1 7 Ktt. B^UfcU h =y v 

[0044] tf- hxU-<-£8, J?Sfflfc-£ 

12. fel^iAf 13, l"J-->^iAf 1 
4. A'-i/^Mf 16, jOI>7\ 8. X^*>7*1 
9JC» t $IJfaig|52 0*sSi^5nri,>.2. <> SU®g|52 0«. 
W ^a^'n-lz 9lf, 7*a*xn>hn--7^61ifi5c 
MISIS 1 OSttOMt EE*»*i!»j£U I'J 

iaMS^Sl©SSl5«:ia2tC7S-ruVb- ($-fAi/-^r 

[0045] yctC. £LL©J: 5 tCffil&Sft/clMi&igjg 

tc <fc 0 . Wb&^ttttUttMlftMB 1 ©l*J§|5*z!fcfr 
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TZm&fmzmiC* 02K^Uyb^#ML,-nft38 
•T-S. *SI«fe©0fii-C«, SSlteSi^H 1 ©rtSBCC 

fc.. JiiT©KiBj(c*jt,^-c, sftteffi^s i *«fis-r*sai5 
[0046] s-r. f&mmmic^rmw? 

xu^-*8iCj:9M&7arFtfenfctt^r. ¥«f* 
?x;w 0&WgZhtc??x.^#- V 9*^*7 ±(c$S 
ST*. #tc, ;<-j?i/xWSf 1 e*>6Si»2rtK: 
10 f^£S©g^#;*£«i£U jX- Hl"<-f 8&C<fc«3 
«*7*±SStt. ^x^tf- h gfcJStfc'i^mco- 
K-rS. CfUC^fJ. ^ft-5x;M 0 4Klt«2©l*J 

13 Ftytuxg-rs kjs*2**'b!t* (o- 

[0 04 7] SI6«2 JSStfci ^-y#x«t&© 
1 6*>6Slo'g2rt(C§f^fi©^^^*«*&-rS«i:i 
felt, /W^l 8©ga® X£#>:/1 9 

*sgtti3-&rsic:«2rt©**x<&gpaio. sioS2rt© 
i&HEfciatefs. st£;'g2rt©^x©gptt«, rasr.^2 

20 rt<DK]4SiS©IA, f!iB, 6 5. 5 Pa (0. 5 
To r r ) K.taZt.-c'iy'i. HSfflfc-* 1 2&C 

<fc9. SlE^2W?rBif^©ja]S. m«. 6 0 0-C«:Jjn 

Bfj£©EE*acf fiflE-caeer s * -en 5 < s^tx 
a> . 

[oo48] siE«2 rt*50f^©a*Ri>-zas-c^-r 

Si. : '-C-*?*fx{fttt«l 6*^©^*^©«*&*f? 

±-rs„ -eL-r. Ma*rx^!A©i 3*^»i^iL 

T©A.+ti'Pay'>7> (Si, CI. ) =&Bir^fi, 
30 t?iR{f. 0. PJjr hVmi n. T>*-=-T (N 
H s ) iffi&k* mMZ. 1 y 9 Y>V/m i n*rtl?3 

rtK^A-rs. 

[0049] rtt3rt(CiAS^*ti;ao^7 
>S!>'T>*-T«. Sjee2rt©J»K:j:»5?»»WRjS 

*i*ac9, ^^^x^i oo&micmmm (Si, 

ABtCi/'J 3>^{bi8S (Si, N« K) 

[0050] i o (D$micmmm<D^ » ^ 

40 >^b^*^eE3n-2>4, teS**X^EA'g 1 3*6©-^ 
o n 5? 5 >SC^T T©«i(6?rf#lhT h . 

9 ^sei* $-a-r. sie«2rt©^x*gpnj-rsii^ 

tc. '{-£?#j*ttt&* 1 6*e.^r^S©^^?r«i(iS 
It, SJSlf2rt©i/X*S^'gl 7(cgfHi-rS (^ , - 

yxs) . sit.©2f*i©^x*?tii{cgf{ti-rs/c 

fetC. SC&lf2F«3©Arx©§MRD f ^S**X©«if&«:ffi 
[005 1 ] iiK, ^-y^W&ei 6*6§T5£a 



u 

HxU^--*8tCJ:»>gf*7£:TI$3ti\ Sx^jfi 
- b 9 (^OSf*?*^ 1 0 ) ^SJS^2^6T>ci- K 

(T>n- FIB) „ 
[00 5 2] &±©J: 5&)^&S*tt&[eHT5 <!:. fiX 

0 ©SlnB>WC& < , rt® 3 ©l*3ig© J: 5 2 1*3 

&S£bItSIe!$Mt-?/c& > I^S^SltDrtgptC^L- 

fc^bii^*i&*Trsft#^*m>n*. 

i. #IR^tL,-r<D^^X (N 2 ) tZStstV- 

[0053] s-r. s*-v>*fz.w&m i 6 *»&si£«2 

l*5KB^3©gfg#X*«i|&L,fc& t *»»-5i;M0 
asjD^Sft-C^ScC^x^tf- h 9£^<*7±K:fltg 

m2.*&m?z>. 'Xic> ^-y^«»f i 6#>e>©^ 

*^/X©«i|i&^#±f *<tifcK:ra£ i »2rt<D^?rgp 20 
WU Rj£«2*Bfj£©JBEA. «*.«. 5 3 200Pa 
(4 00To r r) (clijrr*. HiSflat-£ 1 

2Kj;t) > jgrtv^2w*. mmoum. m%.is> 300 
•cKJrai^-r* (imf&ifi) . 

[0 0 5 4] ^(C. J"J-^>y^Af 14^6. 

>j-x>y#*;&$, ^©3^ 

rt i S3<J:^ < S4i©P^«:^Snfc^^L-C 
*f-g. ^t4CDF*9M. SPaSl 7 ©1*311 #-1-9, 

[0055] mummm 1 ©rt«{ctt#LfcaHBiji»» 40 

~-lsVi3-X<T)m&*®±.-?Z>. ZLX. ^18© 

W2F t 3©^^gftiJ-r-5i<h4j{C > S> 1 
6 tUfffiZMOgm*} LX, SIE«2F«3©^ 

fcHMemi 7CcgffcB-r* „ fcfc. 

2f*30^ U-x^tfxfc^KgfmTrS/caMC. sic 

[0056] mm. ><y\>rt 1 8 cx , 50 
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1 6 6f?r5£S©gJK#* h . fittW 2 1*3 
©ETJ^EBCKT (S?EEfftR|I?I) „ fit, sK- h 
xu-<-*8K:J:f3ffl*7£TI$;*-y\ x/M 

0 *siRS $ tltc V x;n h 9 £M<* 7 ±«cttBf i> C 

1 «:<!; «3 . msskmmm. 1 ©rtsutc^ta^^s b-r t» 

ftt>tt»"C. 1 0±tC->';n>g{t)g?:ffJ 

[0057] ^(c, ^nigojBsio^m^ffiig-r s/c 
0. JUiStfx (c 1 2 ) . yvltymxx (HF) . r 

>t-7i/x (NH a ) . (h 2 ) m&$>&. 
*mm(DBi&-eiz, mmw 1 tcm»D**^ ± orts»**x 
^rfflc^cii^. sstkM 2 -mmm 5 tc^sn^r^ i or v 
vi^ma^m^icm^. mmme-mmwsicmijQ 

mm 1 1 icmmtf^ t LXTHmtf^im^tcm^-o^ 
x%m?,z. 

[005 8] Sfc, 5^6)&-i.fSil>t. S i 

fciRgft. -?x^*r- h9*SJS«2rtK:iRgL./ca > 

t>v-~i;vi3^*Kfcm2.ni<cm&\sx. sstmtcc 

St^a^rJSL. S^iUtfC^-r-5.x^^>i/u-hR 
0*jStRJ:b**«?>/c. x-y5=->^U- h«, ^ >;-x>y 

^b^eacwu/c c©ffiijg-r«. siEW2rt©?aa«r 

3 0 0*C, 5^2 F«3©ff^J«: 53200Pa (400 
T o r r ) tCt8:Sl/fco 

[0059] (*sfiw i ) mmm 1 r«. *v-->? 

n, ig^^/X40. 3 5';^ F^/m i n. ^**X?r 
8 f h ;l//m i n . ^1+ 10. 3 5 v Y fr/m i n 

^^t. Jt©©^*^ teas*/** 

/ctB^- (ibfSFfl 1 > i. 7 5f^iif^*>6l5:5 
i"J-x>^x?rfflU. StE'»2*4 0 O'CiC^L- 
( ittSM 2 ) £ fco l »T t> . P«©*^(C «fc 0 x 
»^ ^ > ^ U - h RVmtRikZXlbtc. C ©#S*^S 3 ~ 

m 5 tc^-r. 

[006 01 03 SyH4 fcfrs? J: ^ ic< ^Jfi^J 1 &tf 

CttCcfciD^ JSlt> i g2©SS*±tf5C<b%<. ^b31 
Igfc^-r-Sx^^^^U- h41iS<-C^-5>C<!:*i5tg.-C 
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[0061] $^ic, m3%.vmsic^-rj:>)ii. mm 

immtctt-r * x ?f^-h ©it jn©«!i£ «t 9 
<^t^c«6r*s. c©Jc5(t* ■j-xz^tf.xtc&jR 
^^WCifCfcf), StRJt#<BTL&t->©-C. 
SEE© 2 *>teJI#*^b $ *UC < < 13 . 2 ^te 

JM^s^bT* Ci%< StKg 2 ©rtg|14C## L/c^{t 
Il^^*-r-5C<h*i-CtS,, Wc. ^bgJSS/S i C 
©j«Ktt«tt«ei 1 <om 4 ft, JttStt 2 ©ifa 8 fSt*& 
0, S i C*>6&£te:PUS#k<bi**nc< < 
[0 062] SrEt2^4 0 O-CtcmfeLtclbiSi 

^12-Cti. %f|0!| 1 RCttfc«W 1 KJt^. ttfl&SCCtt 

©nsm. H3Ruia5«:^-r«t9K. sK*bP*» < is 

•5. 

[0063] COJc^tC. WttkfcfiTS 
S&£4 0 0 'CtC^-T £ <fc <3 4> 3 0 0 °C©<fc 5 

[0064ICCT, m»iMrc<Dm:mi mourn 
40 o-cjcOisc^iasic^-rsct^wsL/^. 

5J£<g 2 rtOiSS* 4 0 0 •OKiKBBET £ £ . SloW 

2^*^^^-r^5^RD £ s i camwtr 

3 j5ti^XS-C©Slo 
*2rt©»fltt*. 2 5 0X!~3 8 0*C«:|WE-r*C£3W 

I, t». rat>«2rt©SS*S2 5 0*CJ:»Jftl» 
£. ^V-->^X*st£ttib^*iCC< < . *y-x> 

ifrtxvmmmicM-jr sx^^w-M^a-, 

T. (^©Xy^^U- f-*if#6*life^fc**l*^D 

m>£. S3t. s i c«c*j-r5x^^>^u- vim< 
5. 

[0 06 5] s/c. *? i) -~>#ij*.< l cm. : mii 
■sscitcfco. s-fba*cc>[*-rsx^^>yu- n% 
ss<-r-2>c £#■?#£©■?. Sfe^xg-rosjt^ 2 rt© 

Km 2 rt©j&K£Ttf 3 K««2-*>ifeM|s 
[0 066] jy-i^^Ktt, bT© 
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[0 06 7] ( XMffll 2 ~S?J£0iJ 5 ) £jtfff 2 ^Xlfeffl 

10 5-cb, mx&^t ox? vitJkmrtz.zmwcm&ic 
•oi^-c. mmmi tensile. v-t-RvtmtR. 

ttfr&tbtc. WJ-CW. 300 "C. 53200Pa (4 
0 0Torr)©rtf3rttC. 5 U 

f-JU/m i n, 7 v-fbJ<5R;tfX£ 0. 5 ? l-fr/m i 
ru g3&5tfX£8 U v h;U/m i n, £It 10'J? 
/m i nOi";--->^X4iALfc (51*6012) . 
^ y-->^*rxct3©7 ^i^stf7 vfb*^ 

^©«*&S?:^bS-ttfclt^ (*5fe0!l3~||»{?!l5) 

(c-^^r^PHitctf-pyt., §6&c; tb$5©/cist). 7^fb 

20 *3R^£S3R^*>6aS4'y-->^X4ffll» > 
J5J&«?2 *3 0 0 °C(c:S3£L//cJS^ (J±$Sfll3 ) . 7 ^ 
mtfX* 1 'J 5» h;l//m in. 7 i-ib*^?!/^* 1 y f 
h^U/m i n, ^3g*'^*8 y ^ \-)\>/m i n. £ftl 
0 'J ^ h;U/m i n©i7'J-->^#;*£fflt,\ SID'S 
2€r4 0 O'CtCtaSEL/c*^ (ibK^H) CC-oOTfc. 
ISI*K:x»*>yu- hRO*jl^J;b**i6/£: 0 C©^ 
*^6~08tC^-r. 

[0 0 6 8] a3&t>'H4tC^3\ i"J-x>i/^/xtC 
7 fct»Jfc«« 1 £J:b$3?-r 06 

30 S^HTtC^-TJc^^c. ^y-x>^^lc7 5»-fb!KJR 

m 8 icjjk-? «t^(c. sif?Jt3&s^:#<asc£*ssgS'csf 
$s-a-/cis^ip«itc. si£; i g2^^*5^b-rsc 

i*<, SJC« 2 ©rtSIHCttS b fc^bli^^l^St- s 

[0 06 9] CCt. HiSP!l2-*!feW4{C7K-rJ:^ 
40 tc> 7 ? ^^/^ i 7 v IbtcSR^/^ <b©ijfeatb*$ 1:3- 
3: l©l5fflrt<ta-2. J:'5ai"J-x>i/^?:rt«3 

[0 070]#K, HJS0!l3(C^-rj:^tc. 7 *5&#X 
£7 ^ib*m^£©^J:b?r 1 : lCCf-Si. ^bS 

<S<-TSC<!:*i-r , t-2, 0 C©/c*. ^bS3R/Sll©S 
50 tRl:b4S6tcAt<-rSC:<!:3!)5-Ct > fia6« 2 -t>fftR9 
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#9WbT*C ift< t SIC«2 0flSK:tt*Lfc»bS 

[007 1] S6*c, J»M»5K:7}VrJ:5«: % 79*^/ 
XRO^ Mb**#*0#AB* 2 y v h;l//m i n i 

kv^^U- h*S6ttffi< t"£t<t#rt£ 0 CCD 
/cat), 7 vit7kM*fAt<D$L&tt& 1 : l 

m&fct&z htmsL^o 10 

CC\ SJ£«2OjaK*3 0 0'C3^64 0 0"C(C±W* 
L£5 e CCDtc^ *y~~>^#*tett*#*«r£* 
40 0 - CCcKffi-r4<tD«>3 0 OWi^ttig^fflatC 20 

is^2rt(D^«. 4oo°c<tofii^iastca^f 4c 

iWJU^ 36*C\ gt^Xgr(DSlS^2rt(DS^ 
», 2 5 0°O-3 8 0°C*Cl8^§t£#J:9#*L 

[007 3 ] (mfe^6-H^fi»l8) HJSfl! 6 -Hifefll 

o^r, HlJfe^Jl &|QflKc. x**>yu- h&tfjIIJR 30 
Jt*#«>fc. *«rtt, 3 0 0 "C, 53200Pa (4 
OOTor r) (Dl^f 3|^tC x 7?*#**1. 78 V 
9 HV/m i n, r>-=&^T^40. 1 7 »J v Y)\>/ 
min, 8 . 0 5 V * h;U/m i n % ^ff 1 

0 y 9 h;b/m i n©^J-->m4iAl/c (H 
»W6). £/c, ^'J^>^iti©7-;*^Stf 

S 1 1 &C^To 

[0 0 7 4 ] S3SO'B|4(C7^*r, ^y~x>>f#X&t 40 
J&JCfM 1 0 Kt^TJ: 5 &c\ ^ y ~x>^#*k:t>^:x 

OH 1 1 &C7jr3"J: 5 &c\ «*Ut***S <^c^ci 

X4«*feH^iW»c, E^2 

6Cift<, SJi«2(Drt»(C«#LWa^bS«<rl»* 

t^CiOTtS. 50 
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[0 0 7 5] CCt, jUt«6^jOll«8K:*-rJ:5 
&c\ 7 9 3R^iT>' ! e^r^<t©iJaiJ:b36«2 : 1 - 
10 : l©«HrtittS<fc5<C.^y-->y^*rt« 

^^^<hr>^r^T^X<h<D^S]:b^3 : 1-7 : ICO 

ttHrt & tt& <fc 9 ft * y i/^^rrti? 3 Atcftta 

7 •>^^<hT>' : e^T*r^<i:CD?]£Si:b^:4. 5: 
»bS3R/5*©«RJt* $ < T S C 

rsr, JSJ««-2»#*{b"r4cia</sje«2(Drt» 
[0076] (»&fct&j9 1 1 > mnm -mm 

£#&/c 0 #WCtt* 3 0 0 °C, 5 3 2 0 0 P a (40 
OTor r) Ortf 3WC 4 75 y? 

Yh/m i n, tK^^/X^O. 3 7 U 9 h^/m i n; 
«#X*8y9h;l//min, ^10. 1 2 'J y h 

9) 0 itc % 2V-~>>f1SXip<D7 vfktfXR&Xm 
tfXO^^tSfbSWteW^ (HtfeMl 0, 3gJkm 
1 ) Cco^rfcRlttCcfTofc. CCM6**H1 2HS1 
4K15*T. 

['0 07 7]H3SO f H4(C*f, * y - ~ > JC 

Hi 3 5 tc v ^y-^>y^cc7k*^*# 

c(D<t^cc, **^fx*^^ y-->^^*fflc»5 
^iH«cc, rae*2<f46ji*«i^fb'rftc£«t< % s 

[0078] c , nttM9 -»te^d 1 1 Ksvr «fc 5 

7 9*^i***Xi<DSK«l:b3W5 : 1-5 : 3 

cD«gfflrt i & & <fc 5 a * y > #ijx*ftm 3 ptycgt 

mtfAt<Dffi&)t&5 : 1-5 : 3©«8HrSE<bLr 



Cio) 

17. 

[007 9 ] IIMtfll KC^-f^K. 

*£*SSt#X<!:©i£itit*5 : 3 © J: 5 &C7kSI27.X©ijiE 

**<tt6««,». £©*:#>. mmM/BMommt^ 

i*<> &£1t2©rtg|5Ktt#L/cmJilg&l&:fc-f£ 

[0080] w±si?g o/c«fc b k. xm&vmmuc j:n 10 

KJ£* 2 ©Sg *±lf * C t < . MUlXtcft r S x 

tc*»n^***li*Ci«:J:«3.. 3StRJ:b!>5ffiTL.&< 
&*©-e. stt , g2-t>^^*i^t§<T,K< c 
©/c«\ stem 2 GfeMmaysit-r & Ci&< f&*&g« 

[oo8i] ^mMommttxtii^ * >j 
icmmtixz-sz-ezctic**). mtmmcitfrzx. 20 

^©JKl&« 2 rt©SK*Ttf*C C©fc 
S>> ?etc, Kj£©2^teJM£*5^t3ftK:< <T5C 

[o 0 8 2 ] &mtM<Dftmi,c£tn*, 

[0.083] ±B(DJtttKD}gStC|R6 

[0084] ±mm<?>mm-ci*. t> 7.1c 

(EURO'S i C) i©jSWit*fiT3-t+ 
l> C £ K <fc 0 . SI6« 2 *>}6JM9e*mMI:HC <<teZtc 40 

c©J:5&i&!jn#*<!:i,-c«. ifi^tfx. 7 

y-ftTK^**^. T>*-T^X. 7K^*'X©ffeK:. H3R 
(Br, ) ©.t^ft^Dy^tfXT&^TkJ:^. 
[0085] 2|K3WS(OJB»"CI*. 1 ©rtSPtC 

/c*i. S?ftMJl^gl©F , 9g|5tC^#-ri,ff#!K9^tBI^ 
K|5RS<*ft£k©-Ctt&< . ifi'Ji"J3/ R 

A (SiGe) ,' BSTO (BaSrTiO, ) , ST 

O (SrTiOj ) T$nttJ;l>, 35 fc. C©<fc 5 & 50 
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ww*. Ki£±i»cpiS£ft *&©■?{;£&< . bos 

[0 08 6] #f£S£©ff2£-C« t * V > iffJML^ 

L/c**. *y-~>^#*K#«R#;*£^35ft<Tfc. : t 
l>. fcfc'L, #*R#X£^3:tt£C£teJ;9ffi&MiIIK* 

^©gg^^s^fc^sci^e., t?V-->&ifau:# 

xtf. ^'J'JA^ (He) , (Ne) , T 

JU=T>^^ (A r ) *sjSffl-r*s 0 
[0 08 7] #5U6©Jfc«T» v rt^3rt©JE**5 3 
200Pa (4 0 0To r r) CCta^UTgyKiffliSg 1 

Pm3fa<DE.MZ> cncC|®SSnS4>©-CB%l*«, 3: 

fc. *y-->*<DSW»*. ^©^MMamctf-^r 
4>«tt^s t M%a. lHojawaafftcff-o-cfejci*. 
\m<Dimmmm< l ct> 5£> 53?*>s i 

[0 08 8] 3Wail©«»T«. A ?3HKtfe3£KtC 

<. «it«. rt'gS^rWLJa^mif^©^-^?^^ 

L C Dfl|©^7 ^SS^tC *>®fflf -S C <!: *S-C# £„ 
[0 08 9] 

[^Bj©am] «±ittBJL?t«i:5ic. *»9i(cj:tH3:. 

«««f * K*-r * c i *i-c ^ s . 
immommtjimw] 

[S3] mmxxtzmfiktfxzm^tcmeiomf&mmm. 
[si 4] mmxz.ict&mxxzm^tcm'&w v 

[El 5] SSftD^fcmfg*'^*fflC^cJS^©^i)-^> 

[gj7 ] mma^cv "j{t*m*fz.zmwtm£<Dt> y 
[El 8 ] ^jjn^^tc^ ^^***'^«:fflu/cJ*^©^ y 
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tn i o ] mm^^cT^t^-rtf^^m^cm^o^ 

[012] mijQtfxicx.mrtxzm^tcm'&cDmmmsi 
[013] mmrtz< / t*m*j?. : $:mi>tcm-&<Dz v-- 

[014] ^lm#*K*SR#;*£;BUfci8£©£ 

[015] itt&&mittm-rz>cti:t&w-tztc#><D* 



* $lMSISg<DlglBS0 -c * S . 
[fHKDIftBj] 

1 MfflKS 

2 Sl&g 

3 F*3« 

4 ^« 

1 0 ¥«ft9X'> 

. 12 #?Sfflt-£ 

14 i"j-->y^^A^ 

io 1 5 mmn 

1 6 >*-*j*rxm&m 

1 7 

1 8 JW7 

1 9 

2 0 



[0 1] 



[02 ] 




i n— K i **<t 



: 

S I iC 1 . ; 
NH, 





J L 










i ' 





6 E . Bj 



o. i : 
* 



[04] 



3 0 0 



B3200 



i 



[03] 













F 2 


cu 


N z 


SI 3 N 4 




SIC 


Si 9 N 4 


SI 3 N 4 
/SIC 




300 


2 


0.35 


6 


227.5 


25. 7 


30. 9 


8. B 


7. g 


*t«fli 


300 


2 


0 


6 


30. 6 


3. 6 


14. 7 


8. 8 


2. 1 




400 


2 


0 


8 


313.3 


110.7 


31B.7 


2. 8 


1. O 



Xy^^^Tb — Knnr/min) 
350-' 



200 



| Si a N* 

! SiC 



(nm/mln) 



*lfi«ll 



1 



[05] 



(12) 
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*lft«1 



Si 9 N« /CJE 
SljN«/SJC 









5SWJ± ■ 




F 2 


HF 


N 8 


Sl a N 4 




SIC 


Si a lsU 
/H3t 


Si a N 4 
/SIC 




300 


1.8 


0.5 


B 


239.5 


4. 3 


5. 3 


55. 7 


45. 2 




300 


1 


1 


8 


286.2 


3. 3 


4. 9 


88. 4 


68. 2 


SRtft«l4 


300 


0.6 


1.5 


8 


244.3 


12. 1 


3. 7 


20. 2 


66. 0 




300 


2 


2 


8 


383.0 


2. 2 


8. 9 


172.5 


43. 0 




300 


0 




8 


84. 7 


11. 6 


0. 8 


4. 7 


68. 4 




400 


1 


1 


8 


571.8 


34. 6 


131.4 


16. 6 


4. 4 



ite«2 



CO (Us/MU/mln) 



(nm/mln) 



[07] 



[08] 



600- 



g BlgN4 




1 



G§ a 8 N 4 /6C 



XMM3 nm* mn&te 



Jt»«3 tt««4 



[09] 



[01 0] 









SIR it 


as 


F 2 


NH 3 


N 2 


SI 3 N 4 




SIC 


Sl fl NU 
/ER 


SI 3 N 4 
/SIC 




300 


1.78 


0.17 


8.05 


196 


7. 1 


6. 5 


27. 6 


30. 2 


5*tSffl7 


300 


1.65 


0.34 


8.1 


264.7 


4. 7 


6. 9 


66. 3 


38. 4 




300 


1.32 


0.63 


8.16 


206.6 


1 1 


12. 3 


18. 8 


16. 8 



C*C) CJt/MU/mln) 



(nm/mln) 



I 



1 1 ] 



Si 3 N 4 /SiC 



Ey?->yL# — Knm/min) 
350- 



200- 



H Si 3 N 4 



£ttfl«e 3tltffli7 sftltffne 



S£fc«7 
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[012] 



[013] 











as 


F z 




N 2 


Si a N 4 




SiC 


Si 3 N 4 


Si a N 
✓"SiC 




300 


1.75 


0.37 


8 


264 


6. 6 


4. 1 


48 


64. 4 


*fc«io 


300 


1. 6 


0.61 


8 


286 


7. 2 


4. 6 


39. 6 


63. 3 


X1M11 


300 


1.26 


0.75 


8 


246 


3. 9 


4. 2 


63. 1 


68. 6 



Sffttt 
70 - 
60 • 



<1C> WvhJV/min) 



1 4 ] 



I 



I 



s; 3 N 4 /sic 




h CnrrvXmin) 

350- 
300 



Si s N 4 

SiC 



seeao suemio steam 



sitae s6«9jio gttem 



63- 




[#&ffijiE«] 

[ffittJB] ¥iiU 4¥9fl30B (2 0 0 2. 9. 3 
0) 

[ffiiE*t^*3B«] mmm 

[ffliErtS] 

im&m i ] mwmmmm<DELfcm%Km&ij**m& 



©&##&. 

[it ^2] mmzim!&<Dfrttmftitm&i3?.*m& 
ttmvazmz? zmmmm&(om&ij-mx$>^ x. 

ii:©rtS|5©W^<»:©ja^J:t4fiT3-<f -5 C i &< HiTiett 



(14) 



mffl 2003-59915 
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